SYNOPSIS A new technique for the quantitative estimation of glycolytic and respiratory enzyme activity in intact and unfixed bone marrow and peripheral blood cells is described. The method gives a two-to three-fold increase in demonstrable enzyme activity per cell compared with existing techniques using fixed marrow film preparations, and is particularly applicable to the study of relatively fragile cells such as the leukaemic lymphoblast. In view of the recent interest in dehydrogenase activity in leukaemic cells (Hayhoe, Quaglino, and Doll, 1964) and the demonstration by homogenate studies of a deletion of the enzyme a-glycerophosphate dehydrogenase in mouse leukaemia (Sacktor and Dick, 1960), we have attempted to develop a method to allow the cytochemical study of enzyme activity in human marrow cells without the inhibiting effect of a fixative. The immature leukaemic blast cell is particularly vulnerable to cellular damage caused by the lateral shearing force involved in spreading a marrow or blood film and the technique was also designed to eliminate this step. The use of semi-quantitative scoring techniques to assess enzyme activity, as in the leucocyte alkaline phosphatase reaction, considerably limits the accuracy of these procedures and to overcome this disadvantage we have instead used a scanning and integrating microdensitometer (Deeley, 1955; Chayen and 
The cytochemical demonstration of enzyme activity in individual bone marrow and peripheral blood white cells has been hampered by technical difficulties. When these cells are smeared on to glass slides, fixation of the cells is required to prevent their subsequent disruption when the slide is incubated in an appropriate working solution. Acetone at room temperature (Quaglino and Hayhoe, 1960 ) and ethanol at -70°C (Stuart and Skowron, 1968) are relatively suitable fixatives for the demonstration of dehydrogenase activity in bone marrow cells but, in common with other fixatives, inevitably result in inhibition of a variable amount of enzyme activity, and their use, therefore, merely represents a compromise between adequate cell preservation and the avoidance of excessive enzyme inhibition.
In view of the recent interest in dehydrogenase activity in leukaemic cells (Hayhoe, Quaglino, and Doll, 1964) and the demonstration by homogenate studies of a deletion of the enzyme a-glycerophosphate dehydrogenase in mouse leukaemia (Sacktor and Dick, 1960) , we have attempted to develop a method to allow the cytochemical study of enzyme activity in human marrow cells without the inhibiting effect of a fixative. The immature leukaemic blast cell is particularly vulnerable to cellular damage caused by the lateral shearing force involved in spreading a marrow or blood film and the technique was also designed to eliminate this step. The use of semi-quantitative scoring techniques to assess enzyme activity, as in the leucocyte alkaline phosphatase reaction, considerably limits the accuracy of these procedures and to overcome this disadvantage we have instead used a scanning and integrating microdensitometer (Deeley, 1955; Chayen and 
RESULTS
The amount of formazan deposited in individual cells by this technique was compared with that obtained in marrow films spread in the conventional way, fixed for 30 seconds in acetone at 20°C, and subsequently immersed in the appropriate incubation solution. Compared with the fixed smear technique, the cell suspension method showed a consistent increase in the amount of formazan produced, the extent of the increase depending on the enzyme under study, the cell type, and the duration of incubation. The leukaemic lymphoblast showed an approximately two-fold increase after incubationfor 80 minutes (Figs. 1 and 2)for bothlactate and glucose-6-phosphate dehydrogenases, while the small lymphocyte showed a slightly smaller increase. Secondary deposits of neuroblastoma cells in bone marrow, which have a higher activity of both enzymes than cells of the lymphoid series, showed the greatest increase of the cells studied (Fig. 3) . considerable damage to the cells tends to occur during incubation. The use of additives such as polyvinyl alcohol, which increase the density of the incubation solution and also decrease cell damage during incubation, was found to be of benefit in a previous study of fixed marrow films (Stuart and Skowron, 1968) and has now been found to increase the preservation of individual cells suspended freely In developing this technique attention was concentrated on the enzymes lactate dehydrogenase and glucose-6-phosphate dehydrogenase since these are soluble, cytoplasmic enzymes which are readily lost from the cell when the cell membrane is damaged. Previous studies of these enzymes in fixed, smeared marrow films revealed that the formazan deposit in the cytoplasm of individual cells was predominantly granular in nature (see Fig. 1 ) with a minimal diffuse component. With the cell suspension technique the amount of formazan in each cell is considerably increased and the increase is predominantly in the diffuse component (see Fig. 2 ). Since these are both soluble, extramitochondrial enzymes a predominantly diffuse distribution throughout the cytoplasm would be expected, and the lack of this in smear preparations suggests that damage to the membrane induced by the spreading technique may have allowed leakage and therefore loss of enzyme into the surrounding aqueous medium during incubation.
The technique also seems to be suitable for the demonstration of enzymes which have an intramitochondrial location. The addition of sodium succinate or a-glycerophosphate as substrate causes an appreciable increase in the amount of formazan production compared with 'control' preparations lacking substrate. This suggests that sufficient damage to the mitochondrial membrane occurs during incubation to allow entry of substrate to react with intramitochondrial succinate and a-glycerophosphate (NAD-independent) dehydrogenases.
For 'control' preparations cells were incubated in an otherwise appropriate incubation solution but lacking substrate. The amount of formazan deposited in individual cells in such so-called 'controls' varies with the technique used. With fixed marrow films the formazan deposit was usually restricted to 1 or 2 granules only, which are too few to give a satisfactory microdensitometer reading. The cell suspension technique showed a considerable increase in the amount of 'control' formazan deposited (see Fig. 3 ) and this presumably reflects enzymatic reaction with endogenous substrate within the cell. This explanation is suggested by the similarity of the initial velocity of the activity-time curves, in the presence and absence of added exogenous substrate, within the first 20 minutes of incubation, ie, before exogenous substrate takes the place of endogenous substrate in the cell. Moreover when the incubation was performed under hyperbaric nitrogen conditions (3 atmospheres absolute pressure) the amount of formazan deposited per cell was increased considerably if there was excess exogenous substrate in the incubation solution, but to a lesser extent in the 'control' preparations; this suggests that hyperbaric conditions increase substrate penetration into the cell. The very weak endogenous enzyme activity obtained in fixed smears suggests either an inhibitory effect by the fixative or loss of endogenous enzyme or substrate from the cell by diffusion through a damaged cytoplasmic membrane. Previous workers have attempted to remove this endogenous activity altogether in order to achieve negative 'control' slides by washing the cells in normal saline (Gough and Elves, 1967) 
